Epithelial tissues are constantly challenged by individual cell fate decisions while 13 maintaining barrier function. During oncogenesis, mutant and normal cells also differ in their 14 signaling states and cellular behaviors creating competitive interactions that are poorly 15 understood. Here we show that the temporal patterns of MAPK activity are decoded by the 16 ADAM17-EGFR paracrine signaling axis to coordinate migration of neighboring cells and promote 17 extrusion of aberrantly-signaling cells. Concurrently, neighboring cells increase proliferation to 18 maintain cell density while oncogene expressing cells undergo cell cycle arrest. Moreover, the 19 stress MAPK p38 elicits the same paracrine signaling and extrusion response, suggesting that 20 the ADAM17-EGFR pathway constitutes a quality control mechanism to eliminate and replace 21 unfit cells from epithelial tissues. Overall, we show that the temporal patterns of MAPK activity 22 coordinates both single and collective cell behaviors to maintain tissue homeostasis. 23 24 27 cancers 1 . In normal conditions the ERK pathway promotes proliferation, differentiation, survival 28 and cell migration 2 . Conversely, during oncogenesis mutations or amplification of ERK pathway 29 components can also promote oncogene-induced senescence 3 (OIS) or cellular extrusion from 30 epithelial monolayers 4,5 . The mechanisms underlying dose dependent effects of ERK signaling 31 have been intensely studied using bulk cell population assays. However, the advent of single cell 32 analysis has shown that single cells often behave qualitatively different than bulk populations. In 33 fact, in vivo and in vitro studies have now shown that pulsatile or sustained ERK activity have 34 different effects on cell fate 6-12 . Whether oncogenic perturbations also have different functional 35 outcomes depending on downstream signaling dynamics remains unknown. To address this 36 question, an isogenic single-cell approach with temporal control of oncogene expression is 37 needed. 38 39 Recent in vivo studies revealed that oncogene expression can trigger cell-cell competition and 40 tissue level responses involving normal neighboring cells 13-16 . During these events, the 41 mechanistic basis of competition and the signaling events involved in recognition between normal 42 and diseased cells are poorly understood. Coincidentally, propagating ERK signaling waves that 43 depend on the sheddase ADAM17 have been observed in mouse epidermis and intestinal 44 organoids, but the physiological role of these collective signaling events in homeostasis remains 45 unclear 7,8,17 . Understanding of the context-dependent mechanisms of paracrine signaling and cell-46 cell competition upon oncogene expression holds the key to unlocking new therapeutic strategies. 47 48 Here we combine live cell imaging of signaling biosensors with inducible expression of oncogenes 49 to study the cell autonomous and non-cell autonomous effects of oncogene expression in 50 epithelial monolayers. Our data shows that pulsatile or sustained ERK signaling resulting from 51 oncogenic perturbations triggers different dynamics-dependent cell fates including oncogene-52 induced paracrine signaling via the ADAM17-EGFR signaling axis. The resulting localized 53 signaling events are required to coordinate neighboring cell migration and active extrusion of
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26
The Receptor-Tyrosine Kinase (RTK)/RAS/ERK signaling axis (Fig. 1A) is mutated in most human 
106
Delta-Notch (JAG1), and Wnt (SFRP) signaling proteins ( Fig. 2H and Supplementary Table 1 ).
107
Of note, the EGFR ligand amphiregulin (AREG) was the most upregulated, ADAM17-dependent 
Fig. 3 | Paracrine ERK activation coordinates extrusion of aberrantly signaling cells by the neighboring epithelium.
A. BRAF V600E inducing cells (WT or ADAM17 KO ) were plated in 1% cocultures and treated with doxycycline (2µg/ml) in the presence or absence of EGFR inhibitor gefitinib (5µM) as indicated. Radial histograms represent angle distributions before (grey) and after (cyan) induction. Data represents n > 1000 cells from 10 independent observations per condition. B. 10% BRAF V600E Cocultured monolayers were seeded and starved as described in methods. After 24 hours with doxycycline (2µg/ml), monolayers were imaged by spinning disk confocal. Representative orthogonal Z projections and probability densities of inducible (green) and neighboring (grey) cells are shown (see methods). Extrusion (ΔZ) is calculated as the difference between the gaussian fitted maxima between green and black distributions. C. (Fig. 3F ). We also found that other genes known to trigger epithelial cell 135 extrusion 23 such as Cdc42 G12V similarly trigger ERK signaling waves in neighboring cells ( Fig. S3 ).
136
Taken together, our data indicates that EGFR and ADAM17-dependent ERK signaling waves in - Aikin et al. 
224
In addition to oncogene expression, UV exposure and activation of the stress MAPK p38 leads to 225 an identical paracrine signaling and extrusion response. This suggests that the ADAM17-EGFR 226 pathway represents a general mechanism to replace unfit cells from epithelial monolayers. Using
227
p38-dependent shedding we demonstrated that neighboring cell ERK activation is required to extrude aberrantly-signaling cells. However, in response to oncogenes, the difference between 229 extruded and neighboring cells is the dynamics of ERK signaling (pulsatile vs. sustained). Thus,
230
targeting ERK signaling with general kinase inhibitors will affect both ligand shedding and 231 extrusion processes. We anticipate that new drugs specifically designed to alter ERK signaling 232 dynamics will leverage cell-cell competition within tissues to improve therapeutic outcomes. 
266
Amphiregulin was ordered from Peprotech.
267
The ADAM17-KO cell lines were created using the CRISPR V2 Neo system (a gift from 268 Dr. Andrew Holland) and gRNA oligos targeting R241 of exon 6. Dual sensor cells were infected 269 with lentivirus carrying this plasmid, selected with Neomycin (500µg/ml, Sigma) and clonally 270 expanded before western blot validation (Fig. 2B ). 
321
For mass spectrometry, cells were grown to 90% confluency in T175 flasks and serum 
328
Isotopically resolved masses in precursor and fragmentation spectra were processed in Proteome 
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Supplementary Figure 1. | A screen for oncogenic effects on ERK dynamics and cell behavior.
A. Inducible cells expressing indicated genes treated and plotted as in 1C. Single traces and population data are reproduced for oncogenes appearing in Fig. 1. B-D . Single cell peaks, ERK nuclear localization, and migration are quantified directly from imaging data as in 1D for indicated inducible cells in the presence or absence of doxycycline (2µg/ml). Data appearing in Fig. 1 is reproduced. Supplementary Figure 2 
